ABSTRACT
Epidural Fibrozis İçin Hiperbarik Oksijen: Tedaviye Katkısı Var mı?

InTRoduCTIon
Failed back surgery syndrome is continued low back pain with or without radicular pain after lumber surgery. One important factor leading to this syndrome is the fibrotic scar tissue formed at the surgery site causing mass effect and nerve damage (5, 11, 14) . Epidural fibrosis can be defined as excessive fibrotic scar tissue formation at the epidural space after surgery and it is estimated that as high as 25% of the patients suffering from failed back surgery syndrome have epidural fibrosis (7) .
Undersea and Hyperbaric Medical Society defines hyperbaric oxygen treatment (HBOT) as a treatment modality where the patient breaths 100% oxygen intermittently while the pressure of the treatment chamber is increased to greater than one atmosphere absolute (ATM ABS). Besides its various indications, it has proven effects on wound healing (1, 3, 6, 12, 15, (17) (18) (19) and inflammation (2,4,9,13,16).
There are various studies in the literature aiming to solve epidural scar formation reporting variable success rates. Using an experimental animal model, this study aims to investigate the effects of hyperbaric oxygen treatment (HBOT) on epidural fibrosis. Wound healing process and formation of epidural fibrosis have similar mechanisms that may give valuable information for solving this problem. This is the first study utilizing hyperbaric oxygen for epidural scar formation.
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MATeRIAl and MeThodS
Animal Preparation
Twenty-four Wistar rats weighing between 250-300 g were used in this study. Before the study, animals were housed in the laboratory for 10 days for adaptation. Animals were kept under constant laboratory conditions of 18 o C to 21 o C room temperature, a 12-hour light-dark cycle, and were allowed free access to standard rat feed and tap water. All experimental procedures were approved by Gazi University Board of Ethics and performed in accordance with the local guidelines in research to minimize animal discomfort.
Surgical Procedure
Surgical procedures were performed under sterile conditions using basic surgical tools, electrical drill and surgical microscope. General anesthesia was induced by intraperitoneal injection of 35 mg/kg ketamine (Ketalar, Pfizer, Istanbul) and 15 mg/kg xylazine (Rompun, Bayer, Istanbul). After marking rats with ear tags, their lower back was shaved and prepared using %10 polyvinylpyrrolidone/ iodine. Spinous process of the L5 vertebra was marked with a needle and the location of the vertebra was confirmed with X-ray in order to standardize the approach for exposing the L5 roots. After determining the L5 spinous process, a midline incision form L4 to L6 was made. The lumbosacral fascia was incised and the paraspinal musculature was dissected away from the bony elements of the vertebrae. With the help of the surgical microscope and the electrical drill, L5 and L6 laminectomy was performed and the L5 roots were exposed. Normal saline Irrigation and gentle compression with surgical pads were used for hemostasis. Bone wax, surgicell, cotton and electrocautery were avoided due to their possible effects on postoperative fibrosis. After adequate hemostasis, incisions were closed in layers.
After the surgical procedure, animals were kept in individual cages during the recovery phase. After recovery, they were examined for neurological deficits. Throughout the experiment all of the animals were kept in same conditions and they were allowed to mobilize freely in their cages of same dimensions.
Description of Groups
After the surgical procedure, animals were randomly assigned into three groups. Animals were tagged regarding their groups. The groups were as follows:
Group 1: (Control Group) Animals in this group received no further treatment after the surgery.
Group 2: (Short HBO Group) Animals in this group received hyperbaric oxygen therapy after the surgery according to the predefined treatment protocol entailing HBO exposure every 24 hours for 3 days.
Group 3: (Long HBO Group) Animals in this group received hyperbaric oxygen therapy after the surgery according to the predefined treatment protocol entailing HBO exposure every 24 hours for 7 days.
Hyperbaric Oxygen Treatment
Treatment sessions for each animal started after full recovery. An animal chamber was used for treatment. After flushing the chamber with 100% oxygen for 10 minutes, animals were placed into the chamber. The starting time was recorded for each animal. The pressure of the chamber was gradually increased to 2,5 ATM ABS in 10 minutes and maintained at this level for the following 90 minutes. At the end of the 90 minutes, the pressure was gradually decreased to atmospheric pressure in 10 minutes. This protocol was administered to the animals in Groups 2 and 3, for 3 and 7 days respectively.
Histopathological Evaluation
At the end of the 6 week (day 42), animals were killed with intraperitoneal 100 mg/kg sodium thiopental (Pentothal Sodyum, Abbott, İstanbul). The lumbar spines were removed en block using a circular saw and then placed in 10% buffered formalin. After fixation, specimens were placed in 10% formic acid solution for decalcification and paraffin blocks were made after 3 weeks. Axial sections of 6 µm form the laminectomy site were cut with a microtome and were stained with hematoxylin-eosin and Masson's trichrome. Slides were evaluated by a pathologist in a blinded fashion.
The extent of the epidural fibrosis at the laminectomy scar was recorded according to the criteria defined by He et al (10) . These criteria are presented in Table I .
Statistical Analysis
Differences between groups regarding epidural fibrosis were analyzed using Kruskal-Wallis test. P value <0.05 was considered as statistically significant.
ReSulTS
None of the animals died during the surgical procedures and at the end of the follow-up period. There were no Fibrosis filling more than 2/3 of the laminectomy site and/or fibrosis extending to nerve roots.
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complications attributable to the surgical intervention (i.e. neurological deficit, wound infection). Figure 1 displays distribution of epidural fibrosis between groups. There was no Grade 0 fibrosis in any of the animals. The ratio of Grade 3 fibrosis in the short and long HBOT groups was (n=2; 29% and n=1; 14%, respectively) lower than in the control group (57%). On the other hand, the ratio of Grade 1 fibrosis was 17% (n=1) in the control group and it was observed in 33% (n=2) of the short HBOT group and 50% (n=3) of the long HBOT group. Figure 2, 3, 4 demonstrates different grades of epidural fibrosis at the laminectomy site. The difference was not statistically significant (p=0.242).
dISCuSSIon
This study aims to investigate the effects of HBOT on epidural fibrosis. The three-day long HBOT was administered during the homeostasis and inflammation phases of wound healing while the seven-day long HBOT was administered during these two phases as well as the proliferation phase.
Grade 3 fibrosis was observed in 57% of the animals in the control group and this ratio was higher than the HBOT groups. Grade 3 fibrosis was observed in 29% of the animals in the short HBOT group and in 14% of the animals in the long HBOT group. In this study, animals receiving hyperbaric oxygen (HBO) showed lowest epidural fibrosis scores. We think that the main reason for not reaching statistically significant conclusions is the limited number of animals in groups. Larger cohorts could reveal significant results.
The hypothesis of this study was that HBOT will reduce the extent of the epidural fibrosis and the results obtained from the study supports our hypothesis. HBO has direct effects in wound healing processes. In their study on rabbit medial collateral ligament fibroblasts, Chan et al have demonstrated that hyperbaric oxygen reduces Type III collagen while increasing Type I collagen and this leads to stronger collagen fiber formation (4) . Increase in Type I collagen in healing environment results in mechanically more stable wound. In another study, Hadjipanayi et al have found that pressure increases fibroblast proliferation in wound (8) which lead to a stronger wound architecture. The HBOT treatment provides a high oxygenated environment under high pressures and help to constitute a mechanically more stable wound healing in early phases of wound healing. We believe that, this early mechanical stabilization of the wound with the help of HBOT prevents redundant scar formation and results in less fibrosis.
Epidural fibrosis and its consequences has been the target of many drugs, adhesive barriers, surgical interventions, conservative treatment modalities with no satisfying benefit. Considering the proven effects of hyperbaric oxygen treatment in various disorders, we hypothesize that it may also be useful in prevention of epidural fibrosis.
ConCluSIon
Hyperbaric oxygen treatment has long been used as a successful tool for important problems of modern medicine and is a promising method for many other diseases. HBOT treatment may have positive effects on unwanted scar formation in operated tissues. Additional studies with larger cohorts and different experimental settings on HBOT may add another weapon to the armamentarium for failed back syndrome.
